ABSTRACT. Objective. The increase in asthma prevalence has been documented worldwide, affecting many races living in many different climates. Multiple studies have demonstrated that the most striking prevalence and morbidity of asthma in the United States has been in black children, but little research has determined the scale of the increase, or specifically when the disease became severe in this group. This study sought to determine exactly when the rise in asthma hospitalizations among black patients began and what the pattern of asthma hospitalizations has been in different races and age groups over a 40-year period in 1 urban area.
I ncreases in asthma prevalence have been reported worldwide, affecting populations of many races that live in very different climates. [1] [2] [3] [4] [5] In addition to the increase in prevalence, there has been an increase in asthma mortality and hospitalization. 2,6 -8 In the United States, the most striking increases in asthma have occurred in black communities and among children. 5, [7] [8] [9] [10] [11] [12] [13] [14] [15] A comprehensive review in 1997 reported a significant increase in childhood self-reported asthma between 1980 and 1994. The same review showed a doubling of asthma office visits and a near doubling of childhood asthma hospitalizations between 1979 and 1992, with black individuals having consistently higher rates of hospitalization than white individuals. 16 Analysis of published data from countries worldwide and for the United States suggests that the increase in asthma prevalence began in the 1970s. 5, 9, 11, 14, 17 However, little research has showed specifically when asthma became a problem for black individuals. One study of the Washington, DC, area showed that the number of black asthma admissions surpassed the number of white admissions during the period 1964 to 1976. 9 Another study suggested that the increase in prevalence of asthma in black children began in the mid-1960s. 7 The present study presents 1 university hospital's asthma experience during a 40-year period and examines the time course of changes in black and white asthma hospitalizations among different age groups during the same period.
METHODS

Population
The Medical University of South Carolina (MUSC) in Charleston was chosen for a retrospective chart review because it is a hospital that has served a large proportion of the black community in Charleston during the past 40 years. The percentage of different races in the population of Charleston has remained relatively stable during this time, and accurate medical records spanning this 40-year time period were available.
MUSC accepted its first patients in 1955. Before that, a private hospital provided the primary inpatient service for both black and white patients. On opening, MUSC immediately became the primary inpatient service for black patients, and there was a slower but steady shift of white patients to MUSC from the private hospital. During the entire time period studied here, Charleston Memorial Hospital, located nearby, also served the black community, but at no time did Charleston Memorial have an inpatient pediatric service. Thus, from 1955 on, MUSC had a large majority of the black pediatric inpatient admissions.
The population of Charleston County increased from 216 382 in 1960 to 313 478 in 1997. The percentage of black individuals in Charleston County remained between 31% and 36% from 1960 to 1997. 18 Therefore, through the period of time studied, the racial makeup of the Charleston population remained relatively stable. The age distribution of the population of Charleston County has been more dynamic, but generally the population has steadily grown older. In 1960, 42% of the population was Ͻ18 years old; by 1997, this percentage had decreased to 24%.
Data Collection
A retrospective chart review was conducted for the years 1956 to 1997, with the exception of 1989 (records for that year were destroyed by a hurricane). A total of 3061 hospitalizations for asthma were in the computer database. Asthma hospitalizations were determined by the first-listed discharge diagnosis recorded using the International Classification of Diseases (ICD) codes. During the period studied, 4 different ICD classifications were used:
ICD-6 (code 350 -390, 1956 -1957) , ICD-7 (code 350 -390, 1958 ICD-7 (code 350 -390, -1966 code 2419 , 1967 , ICD-8 (code 2419, 1968; code 493.0 -493. 9, 1969 -1978) , and ICD-9 (code 493.0 -493. 9, 1979 -1997) . Those charts with the primary discharge diagnosis of asthma were examined for discharge date, race (white and black) and age group (0 -4, 5-18, 19 -50, and Ն51). The unit of sampling was the individual; therefore, data revealing trends by race and age exclude readmissions in a single year.
To look at trends in overall hospitalizations at MUSC, other data examined included total discharges for each year from 1955 to 1997 and total discharges by race for the years 1955 to 1961 and 1978 to 1997. Because of a change in hospital policy on record keeping during the turbulent civil rights years 1962 to 1977, there was no racial data for total discharges recorded during that time period. US Census Bureau records were examined for total, black, and white populations, as well as populations younger than 18 years in Charleston County during the years 1960, 1970, 1980, 1990, and 1997 (1997 data are an estimate from the Census Bureau, as this was not a census year). Asthma discharge data were examined for each year for total white individuals, total black individuals, and both races in the age groups 0 to 4, 5 to 18, 19 to 50, and Ն51 years of age.
Statistical Methods
The raw number of asthma discharges, annual rate of asthma discharges per 10 000 total MUSC admissions of the same race, and annual rate per 100 000 population of 0-to 18-year-olds of the same race in Charleston County were tabulated for each age and racial category. Because population data were available only for each decade year, 5-year periods of asthma discharges were averaged to show a rate per population for each 10-year mark. (for example, the asthma hospitalization rate for 1960 was calculated using the average number of asthma discharges in 1958 -1962). Because of variations in census reporting, the 1960 rates were calculated using population of 0-to 17-year-olds, and 1997 rates were calculated using 0-to 19-year-olds. The rate for 1997 was calculated using that single year of data; it was not an average. Trends were evaluated with a 2 test for trend. 2 was used to compare asthma hospitalization rates between specific time periods. Table 1 shows the number of black and white asthma hospitalizations in each age group, along with the total number of black and white discharges in each 5-year period. During the period for which records were available, there has been a progressive increase in black asthma hospitalizations in all age groups and in white individuals aged 0 to 4 and 5 to 18. It is clear that the most dramatic increases were among black 0-to 4-and 5-to 18-year-olds (Table 1) . These increases occurred while the racial makeup of total hospital discharges remained fairly stable (Table 1). The asthma hospitalizations in these age groups were compared with total discharges of each race and with total population of 0-to 18-year-old children of each race in Charleston County during the same time period. The rate of increase seen in the 0-to 4-and 5-to 18-year-old age groups was similar, so these groups were combined.
RESULTS
There was an increase in both white and black asthma hospitalizations for 0-to 18-year-olds. Both increases were consistent and seem to be linear during the time period studied and continued to 1997. The increase for white individuals seems to have started around 1980 (Table 1, Figs 1 and 2 ). The increase in the rate of white asthma discharges between 1980 and 1997 per 100 000 population was 5-fold (P Ͻ .001; Fig 2) and per 10 000 white discharges was 3-fold (P Ͻ .01). The increase for black individuals seems to have started around 1970 ( Table  1 , Figs 1 and 2) . The increase in the rate of black asthma discharges between 1970 and 1997 per 100 000 population was 20-fold (P Ͻ .001; Fig 1) and per 10 000 black discharges was 24-fold (P Ͻ .001) compared with 1960. (Because of the missing race data needed for this particular analysis, we cannot calculate the increase since 1970, when the increase probably began.) There was a decline in white asthma discharges in the 1960s and a decline in black asthma discharges between 1966 and 1971. Because the numbers involved in these years were small (Ͻ10 patients per year), it is unclear whether these were true trends.
Asthma discharge data in this study was examined for seasonality, including all admissions and readmissions of the same patient. Seasonal increases in the fall and spring were apparent throughout the period studied.
DISCUSSION
Although hospitalizations for asthma are only a portion of total asthma care visits, hospitalization rate can be regarded as an indicator of moderately -1962  11  7  37  8  86  17  45  5  29,245  19,860  49,105  1963-1967  9  18  13  20  58  19  49  9  75,672  1968-1972  12  17  13  21  29  12  25  7  (54%)*  75,580  1973-1977  15  53  14  57  20  20  28  14  89,177  1978-1982  26  109  16  126  13  22  21  15  46,147  53,989  100,136  1983-1987  29  138  23  158  19  28  13  18  47,047  50,171  98,055  1988-1992  55  222  32  201  18  23  8  17 severe to severe asthma in the community. 19 The present study demonstrated a steady increase in 1 university hospital's asthma hospitalization rate in both black and white children age 0 to 18 years. The increase in black individuals is far more dramatic than the increase in white individuals. The rise in black pediatric asthma hospitalizations started around 1970 and has occurred in a population with a decreasing percentage of 0-to 18-year-olds and a stable racial makeup during the period studied. This study shows an increase in the number of children requiring admission for asthma since 1970, which parallels the increase reported among black children age 0 to 14 years in Washington, DC, 9 in children nationwide age 0 to 17 years based on National Center for Health Statistics results, 7 in Finnish 19-year-olds, 3 and in children age 0 to 14 years in community-based studies in the United States. 11, 17 The increase in asthma hospitalization reported here occurred despite many advances in emergency department treatment of asthma during the same period, most notably the introduction of controlledrelease theophylline in the early 1970s, nebulized albuterol in the late 1970s, and intravenous methylprednisolone in the 1980s. Some of this increase may be a reflection of coding changes in certain years, but other studies have concluded that for at least 1 of these coding changes, a diagnostic shift alone could not explain the increase. 12, 20 Other contributing factors could be an increasing awareness of asthma on the part of parents and individuals, increased casefinding of physicians, or change in criteria for admission.
Many explanations have been offered for the changes in incidence and severity of asthma. Among these are increased indoor allergen load, changes in immune response with increasing antibiotic use and increased rate of vaccinations, changes in air pollution and diet, improved survival of premature infants, increase in smoking rate of mothers, and increase in sedentary lifestyle with associated decreased lung expansion. 2, 5, 21, 22 Although the cause of the seasonal increases found in this study is not established, the fall and spring asthma peaks correlate with both environmental allergen levels and rhinovirus seasons. Tree pollen levels in the Charleston area are highest in April, weed pollen levels are highest in October, and peak rhinovirus activity is highest in the fall and spring in nearby areas. [23] [24] [25] These seasonal associations would not, however, account for the long-term trend found in this study.
Before speculating on the reasons for the increases seen in this study, one must consider the confounding factor of poverty in the black population in Charleston County. In 1970, 45% of all black families in Charleston County were at the poverty level; in 1990, 34% of black individuals in Charleston County were at the poverty level. This is in contrast to a poverty level of 8% in the white population in Charleston County in 1980 and 1990. 18 Several studies have found a correlation in the United States between low socioeconomic status and increased rates of asthma. 2, 7, 15 There is conflicting evidence, however, on how much of the increase in asthma in black individuals can be accounted for by low socioeconomic status. 15, 26 Even if the increase in black asthma admissions found here is partially attributed to poverty rather than race, what is still not clear is the exact link between poverty and asthma. This relationship found in the United States has not been observed in other countries. Indeed, in Africa and other developing countries, asthma is consistently a disease associated with affluence. 27 Several factors could contribute to a higher rate of asthma in poor urban communities such as Charleston. This population could be receiving less regular medical care, leading to more episodes of asthma requiring hospitalization. They could be living in more crowded conditions, leading to more respiratory illnesses. 2 Even if this were true, why the dramatic increase since 1970? Poverty and housing in Charleston County has not changed dramatically during that time period. It is known that children with sensitization to the indoor allergens dust mite, cockroach, and domestic animals are at increased risk for developing asthma and that in Charleston's humid climate, dust mite sensitization is the most important. It is unlikely, however, that the Charleston black population has seen a steady increase in indoor allergen load since 1970 to explain the increase in asthma. 21, 22, 28 Another theory deserves consideration. It is known that among urban black populations there is an association between obesity and asthma. 29 In this population with rising asthma prevalence, there is also increased obesity, decreased exercise, increased television watching, and a more sedentary lifestyle. 5, 30, 31 In contrast, asthma remains uncommon in rural areas of the world where physical exercise such as walking is a part of daily life, and children spend less time watching television. 27, [32] [33] [34] We believe that this relationship between sedentary lifestyle and increased wheezing bears additional investigation.
This study has several limitations. It was conducted in an urban population served by a university hospital, with a relatively small local population. Therefore, the results may not be generalizable to all patient populations. The only outcome measured was asthma discharges; we were not able to examine outpatient visits, morbidity, or mortality. Also, MUSC not only serves Charleston County but also draws patients from 2 nearby counties, Berkeley and Dorchester. The rates of asthma hospitalization in the present study were calculated using only the Charleston County population. However, the racial makeup of the other 2 counties served by MUSC has been similar to that of Charleston County in all census years examined, and between 1960 and 1990, the percentage of black individuals in the other 2 counties actually decreased. 18 It is also worth noting that the total populations of Berkeley and Dorchester Counties have been between 10% and 40% that of Charleston County during the years examined.
Because population data were available only for each decade, the asthma discharges were averaged over 5-year periods to calculate a rate of admissions relative to the population. Because of this averaging, it is difficult to tell exactly in which year the increase in asthma hospitalizations began. Also, because we wanted to show the most recent data available, we did not average the 1997 data.
Another limitation is that in later years of our study, other private hospitals opened in and near Charleston County, and some of the asthma patients that previously would have come to MUSC were going to other hospitals. At least 2 of the 3 primary competing hospitals, however, did not admit Medicaid or indigent patients until the 1989 expansion of Medicaid under Optional Coverage for Women and Infants. This program expanded Medicaid coverage to pregnant women and infants younger than 1 year. However, children older than 1 year were not included in this expansion and were not affected until the 1999 Title XXI State Child Health Insurance Program was introduced. Overall, our rates of asthma hospitalizations in later years may be underestimates, and most affected would be the data for white individuals, as MUSC has always cared for the majority of black inpatients.
The results of this study provide clear evidence of an increase in asthma among black children living in a southern US city during a 30-year period. This increase seems to have started around 1970, and when calculated on a population basis, the rise is 20-fold, linear, and continuing. The increase has occurred during the same time period as that seen for asthma prevalence in many other Western communities. This similarity suggests that there must be 1 or more common factors that have contributed to the increase. The scale of the change, the time course, and the linearity of the increase represent a serious challenge to many of the hypotheses proposed to explain this epidemic.
